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CA 125 TUMOR ANTIGEN FUNCTION AND USES THEREOF 

FIELD OF THE INVENTION 

This invention relates to CA 125 tumor antigen. More specifically, it relates to 
modulators of CA 125 tumor antigen and to their uses in the treatment and 
prevention of diseases wherein CA 125 tumor antigen is overexpressed. 



Ovarian cancer is one of the leading causes of death in women over 40. Although 
most patients respond to initial treatment, the majority relapses partially due to the 
appearance of chemo-resistant tumor cells. In order to improve therapy, it is 
essential to understand the underlying mechanisms responsible for the occunrence 
of ovarian cancer. 

CA125 antigen is the most important clinical marker of ova rian cancer 

CA125 tumor antigen is the most important clinical marker of ovarian cancer as it is 
used to monitor response to chemotherapy. Rising or falling blood levels of CA125 
conrelate with progression or regression of the disease. CA125 antigen was first 
detected in the early 80's using the MAb OC125 which was raised against the human 
ovarian carcinoma cell line OV433 isolated from a patient with serous papillary 
cystadenocarcinoma (1). The specific reactivity of the OC125 Mab to a variety of 
human ovarian carcinoma cell lines and paraffin-embedded ovarian carcinoma 
tissues has led to the development of a radioimmunoassay to detect the CA125 
antigen in serum from ovarian cancer patients (2). Using this assay, rising or falling 
levels of CA125 were shown to correlate with progression or regression of disease 
demonstrating that CA 125 levels eorrelate with clinical course of the disease (2-4). 
It is cunrently employed as a predictor of clinical recun-ence in ovarian cancer and to 
monitor response to chemotherapy treatment (5-8). 



BACKGROUND OF THE INVENTION 



CA125 biochemical studies 

Despite the widespread use of CA125 as a clinical marker of ovarian cancer, the 
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biochemical and molecular nature as well as the function of this antigen are poorly 
understood. Previous biochemical studies demonstrated that the CA125 epitope is 
earned on a large glycoprotein with a M.W. in the range of 2x10^-10® Da, while others 
reported that CA125 consists of many subunits of 50-200 kDa (9-14). The study of 
5 Lloyd et al. showed that CA125 Is a high molecular weight glycoprotein having 
properties of a mucin-type molecule (15). In these studies however, a definite 
consensus regarding the molecular nature of CA 125 could not be elaborated and 
no infonnation about its function was provided. A partial cDNA encoding CA125 was 
recently identified as MUC16. The deduced amino acid sequence proposed an 
10 extracellular domain composed of 9 tandem repeats rich in serine, threonine and 
proline followed by a unique region, a potential transmembrane domain and a short 
cytoplasmic tail. CA125 is expressed in more than 80% of epithelial ovarian cancer 
but is not detectable in normal ovary tissues. However its role in the disease is 
unknown. 



15 



20 



There is therefore a crucial need to identify therapeutic targets in order to treat the 
disease. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a therapeutic target that satisfies the 
above mentioned need. 



25 The present inventors developed a novel strategy to study the role of proteins that 
could not be previously studied because the gene was not known or not available. 
Using this strategy, they derived unique modulators of CA125 tumor antigen. The 
present inventors propose a functional link between CA125 tumor antigen and the 
pathogenesis of ovarian cancer as well as other diseases where CA 125 tumor 

30 antigen is overexpressed, a non exclusive list of which comprises endometriosis, 
cervical cancer, fallopian tube cancer, cancer of the uterus, prostate cancer and lung 
cancer. The inventors' results have lead to the identification of CA 125 tumor antigen 
and CA 125 tumor antigen function as novel therapeutic targets for the treatment and 
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prevention of these diseases in mammals. 

Accordingly, an object of the present invention provides for a modulator capable of 
negatively modulating a CA 125 tumor antigen in a mammalian cell. 

5 

According to a prefered aspect of the present invention, the modulator negatively 
modulates cell surface expression of CA 125 tumor antigen. Preferably, the 
modulator sequesters CA 125 tumor antigen or a fragment thereof within an 
organelle of a mammalian cell, such as the endoplasmic reticulum, the trans-golgi, 
10 the golgi, the mitochondrion, the cytoplasm or any other cellular compartment. 

According to another prefered aspect of the present invention, the modulator is a 
single-chain antibody that specifically binds to CA 125 tumor antigen or a fragment 
thereof. The single-chain antibody is preferably derived from the OC 125 monoclonal 
15 antibody or VK-8 monoclonal antibody. The single-chain antibody preferably 
comprises a fragment coded by at least one sequence of the group consisting of 
SEQ. ID NOS 1 to 6. 

According to a second object of the present invention, there is provided a 
20 recombinant nucleic acid comprising at least one sequence selected from the group 
consisting of SEQ ID NOS 1 to 6. 

According to a third object of the present invention, there is provided a vector 
comprising a recombinant nucleic acid as defined by the present invention. 



25 



30 



According to a fourth aspect of the present invention, there is provided a host cell 
comprising at least one element selected from the group consisting of a modulator 
as defined by the present invention, a recombinant nucleic acid as defined by the 
present invention and a vector as defined by the present Invention. 

According to fifth object of the present invention, there is provided a pharmaceutical 
composition comprising a phannaceutically acceptable carrier and at least one 
element selected from the group consisting of a modulator as defined by the present 
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invention, a recombinant nucleic acid as defined by the present invention, a vector 
as defined by the present invention, and a host cell as defined by the present 
invention. 

5 According to a sixth object of the present invention, there is provided a use of at least 
one element selected from the group consisting of a modulator as defined by the 
present invention, a recombinant nucleic acid as defined by the present invention 
and a vector as defined by the present invention for negatively modulating a CA 125 
tumor antigen in a mammalian cell. 

10 

According to a seventh object of the present invention, there is provides a use of at 
least one element selected from the group consisting of a modulator as defined by 
the present invention, a recombinant nucleic acid as defined by the present 
invention, a vector as defined by the present invention, a host cell as defined by the 
15 present invention and a pharmaceutical composition as defined by the present 
invention for preventing and treating a CA 125-tumor-antigen-associated disease in 
a mammal. 

According to an eighth object of the present invention, there is provided a method of 
20 prevention or treatment of a CA 125-tumor-antigen-assoclated disease in a mammal 
comprising the step of administrating to that mammal at least one element selected 
from the group consisting of a modulator as defined by the present invention, a 
recombinant nucleic acid as defined by the present invention, a vector as defined by 
the present invention, and a host cell as defined by the present invention. 

25 

According to a ninth object of the present invention, there is provided a method for 
negatively modulating a CA 125 tumor antigen in a mammalian cell comprising the 
step of introducing into that cell at least one element selected from the group 
consisting of a modulator as defined by the present invention, a recombinant nucleic 
30 acid as defined by the present invention, and a vector as defined by the present 
invention. 
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Other objects, advantages and features of the present invention will become more 
apparent upon reading of the following non restrictive description of preferred 
embodiments thereof, given by way of example only with reference to the 
accompanying drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 shows the proposed structure of the CA 125 tumor antigen. 

10 

Figures 2 A and B show the construction of an ScFv library. 
Figures 3 A and B show the selection of soluble ScFvs through a "colony lift assay". 
15 Figure 4 shows selection of soluble ScFvs (periplasmic extrbcts) 
Figure 5 shows expression of ScFvs (ELISA). 

Figure 6 shows expression of ScFvs in the pCantab-5E prokaryotic expression 
20 system with and without induction. 

Figure 7 shows selection of ScFvs binding to CA 125 (ELISA). 
Figure 8 shows selection of ScFvs binding to CA 125 (ELISA). 

25 

Figure 9 shows cloning of ScFvs binding to CA 125 in eukaryotic expression system. 

Figures 10 A, B, 0 and D show Western blots showing expression of ScFvs directed 
to the golgi in OVCAR-3 and directed to the ER in OVCAR-3. 

30 

Figure 11 shows expression of ScFv OC125 golgi 3.1 1 compared with expression 
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Figure 12 show expression of ScFv VK-8 KDEL 1 .9 compared with expression of CA 
125. 

Figure 13 shows expression of control linker compared with expression of CA 125. 

Figure 14 shows expression of ScFv in golgl and expression of ScFv in ER 
compared with expression of proteins native to golgl and ER, respectively. 

Figure 15 illustrates construction and in vitro validation of anti-CA125 scFvs. 

A) CA125 binding activity of antl-CA125 OC125. VK-8-1.9 and VK-8-4.5 scFvs 
present In periplasmic extracts of bacteria as well as antl-Bcl2 4D7 scFv 
compared to parental Mabs OC125 and VK-8 and to PBS and periplasmic extract 
from bacteria, uninduced, IPTG-induced and controls. 

B) Expression of scFvs from periplasmic extracts, probed with anti-Etag antibody. 

C) Immunoprecipitation and co-immunoprecipitation of Golgi- and ER-targeted 
OC125-3.1 1 scFv from transient transfectlon of pSTCF.GOLGI-OC125-3.1 1 and 
pSTCF.KDEL-OC125-3.11 in NIH:OVCAR-3 human ovarian cancer cells using 
antl-c-myc, anti-CA125 Mabs OC125 and VK-8, westem blot probed with anti-c- 
myc 9E10 antibody. 

D) Immunoprecipitation and co-lmmunoprecipitation of Golgl- and ER-targeted VK-8- 
1.9 scFv from transient transifection of pSTCF-GOLGI-VK8-1.9 and 
pSTCF.KDEL-VK8-1.9 in NIH:0VCAR-3 human ovarian cancer cells using anti-c- 
myc, anti-CA125 Mabs OC125 and VK-8, Western blot probed with anti-c-myc 
9E10 antibody. 

E) Immunoprecipitation and co-immunoprecipitation of ER-targeted VK-8-4.5 scFv 
from transient transfectlon of pSTCF.KDEL-VK8-4.5 In NIH:0VCAR-3 human 
ovarian cancer cells using anti-c-myc, antl-CA125 Mabs OC125 and VK-8, 
westem blot prober with anti-c-myC 9E10 antibody. 
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Figure 16 shows localization of anti-CA125 scFvs and CA125 cell surface down 
regulation. 

A) NIH:0VCAR-3 cells were transiently transfected with pSTCF.Golgl-OC1 25-3.1 1 
5 or pSTCF.KDEL-VK-8-1 .9 constructs and 48hrs later the cells were fixed in ice- 
cold methanol. Localization of scFvs was detected with the anti-c-myc A14 
polyclonal antibody and compared with ER and Golgi residents using anti- 
calreticulin PA3-900 and anti-ADP ribosylation factor MA3-060 monoclonal 
antibodies, respectively. Oregon green anti-rabbit and texas red anti-Mouse 

10 secondary antibodies were used. 

B) NIH:OVCAR-3 cellswere transiently transfected with pSTCF.Golgi-OC125-3. 1 1 
or pSTCF.KDEL-VK-8-1 .9 constmcts and 48hrs later the cells were fixed in ice- 
cold methanol. Expression of scFvs and CA125 was detected using the anti-c- 
myc A14 polyclonal antibody and anti-CA125 M11 monoclonal antibody. Oregon 

15 green anti-rabbit and Texas red anti-mouse secondary antibodies were used. 



Figure 17 shows Cell surface down modulation of CA125 in stable NIHrOVCAR- 
3 clones expressing the ER-VK-8-1.9 anti-CA125scFv and relevant control. 
A) Stable transfectants expressing the ER-targeted VK-8-1.9 and VK-8-4.5 scFvs 
20 and parental cell line NIH:0VCAR-3 were fixed in ice-cold methanol generated 
and expression of CA125 at the cell surface and scFv was assesed by 
immunofluorescence using anti-c-myc A14 polyclonal antibody and anti-CA125 
M11 monoclonal antibody, respectively. Oregon green anti-rabbit and Texas red 
anti-mouse antibodies were used as secondary antibodies. 
25 B) CA1 25 expression in the stable trasnfectants was analysed by FACS using anti- 
CA125 M11 monoclonal antibody and a Phyco-Erythrin-anti-mouse antibody and 
compared with parental cell line NIH:0VCAR-3; Black. OVCAR-3 levels of CA125 
expression at cell surface; grey, CA125 levels in stable transfectants. 

30 Figure 18 shows decreased CA125 cell surface expression influences the 
proliferation rate, cell-cell interaction and cell migration. 



wo 03/076465 



PCT/CA03/00341 





8 



A) Growth curve of stable NIH:0VCAR-3 transfectants ER-VK-8-1.9#9 (positive for 
CA125 binding) and ER-VK-8-4.5#12 (negative for CA125 binding) compared to 
parental cells OVCAR-3. Cells were plated in triplicate in 96-well plate and cell 
proliferation was measured every day with a XTT assay. Plot represents results 
from 3 independent experiments 

B) Cell aggregation assay. Cells were plated onto 0.6% agarose layer in bacterial 
dishes. Seventy-two hours later photomicrographs were taken (10X 
magnification) to visualize the presence of cell aggregates. 

0) Wound healing assay. A wound was made using a 13mm-wide razor blade in 
confluent cell monolayers and 20mM hydroxy-urea was added to block cell 
proliferation. Forty-eight hours later, the cells were fied in methanol and stained 
with Giemsa and microphotographs were taken (10X magnification). 

D) Tumorigenic assay. Ten millions NIH:0VCAR-3 transfectants ER-VK-8-1 .9#9, 
ER-VK-8-4.5#12 and parental cells OVCAR-3 were inoculated subcutaneously 
In nude mice Tumors were allowed to grow for 6 weekis after which tumonw were 
excised and tumor weight was measured and plotted for each transfectant. 

Figure 18.1 shows results of clonogenic assay. 

Increasing amounts of each transfectant, VK-8 KDEU1:9 # 9 and KDEL/4:5 # 12. 
and the parental cell line NIH OVCAR-3 were seeded in 6-well plates and grown in 
the absence or the presence of doxycycline. Fourteen days later, cells were stained 
with Giemsa and colonies were scored. Arrows show colonies and numbers 
correspond to the amount of cells initially seeded. Number of colony formed was 
plotted against increasing amounts of cells seeded (fig 18.1 A). Plates were scanned 
to visualize the size of stained colonies (fig 18.1B-D). 



A) NEDO cDNA clone FLJ14303 encodes a part of CA125. Cos-7 cells (negative for 
CA125 by Western blot and ELISA) were transfected with an expression vector 
encoding the cDNA from the NEDO clone FLJ14303. Reactivity of anti-CA125 
OC125 and VK-8 antibodies with the expression product of this cDNA was 



Figure 19 
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analysed by western blot and compared to CA125 expression in OVCAR-3 cells 
as well as in mock-transfected Cos-7 cells. 
B) Expression of the CA125 cytoplasmic tail fused to Gal4 ONA binding domain. The 
CA125 cytoplasmic tail was cloned in the pGBDU and pGAO for the yeast two- 



pGBDU empty vector (EV) or with the vector Containing CA125 cytoplasmic tail 
(Cyto). Three days after growth on appropriate media, proteins were extracted 
from the 2 transfectants or the wt strain PJ69-4a. ran on 12.5% SDS-PAGE and 
transfered by western blot on a PVDF membrane. The membrane was probed 



Figure 20 shows cisplatin sensibility of stable NIH:OVCAR-3 clones expressing 
the ER-VK-8-1.9 anti-CA125scFv and relevant controls. 

Cells were plated in triplicate in g6-weil plates and exposed or not to increasing 
15 concentrations of cisplatin. Fours days later, cell proliferation was measured with a 
XTT assay. Percentage of survival was plotted against concentration of cisplatin. 
Cun/es represent results from 3 independent experiments. Red line represents 50% 
survival. 

20 Figure 20.1 shows the relative distribution of cells in each phase of the cell 
cycle for transfectants ERVK-8-1.9#9 and ERVK-8-4.5#12. 

DMA content of non-synchronized cells was stained with propidium iodide at various 
time points for approximately 48 hours. Figures 20.1A1 to A4 show the different 
relative profiles of cell cycle progression: graphs 001 to 007 (ERVK-8-4.5#12) and 
25 008 to 014(ERVK-8-1 .9#9) at 0, 8, 16, 24, 32, 40 and 48 hrs. Figure 20. 1 B is a table 
fomi of cell cycle progression and shows the relative percentages of cells in each 
phase of the cell cycle as determined by FACS analysis. 

Figure 21 shows IC50 of cisplatin for the stable NIH:OVCAR-3 clones 
30 expressing the ER-VK-8-1.9 anti-CA125scFv and relevant controls. Inhibitory 
concentrations of cisplatin resulting in 50% survival of cells were calculated from 
curves of graph in figure 20 (red line in figure 20). . 



5 



hybrid system. The S.Cerevisiae strain PJ69-4a was transfomied with the 



10 



with anti-Gal4 DNA binding domain antibody Gal-4-DBD RK5C1. 
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Figure 22 shows expression of E-cadherin and avp5 integrin in NIH:OVCAR-3 
cells. NIH:0VCAR-3 were fixed in ice-cold methanol generated and expression of 
E-cadherin and avp5 Integrin at the cell surface was assesed by 
immunofluorescence using E-cadherin clone 36 and anti- avps integrin clone P1F6 
antibody and Texas red labelled secondary anti-mouse antibody. 

Figure 23 shows expression of E-cadherin and scFv in NiH:0VCAR-3 stable 
transfectant expressing the ER-VK-8-1.9 anti-CA125 scFv without induction 
with doxycycline. Cells were grown on glass slides for 48hrs and fixed in ice-cold 
methanol generated and expression of E-cadherin and scFv was assesed by 
Immunofluorescence using E-cadherin clone 36 and anti-c-myc A14 antibody and 
Texas red or Oregon green-conjugated secondary anti-mouse and anti-rabbit 
antibodies. 

Figure 24 shows expression of E-cadherin and scFv in NIH:0VCAR-3 stable 
transfectant expressing the ER-VK-8-1.9 anti-CA125 scFv when induced with 
doxycycline. Cells were grown in presence of doxycycline for 48 hrs and then fixed 
in Ice-cold methanol generated and expression of E-cadherin and scFv was 
assessed by immunofluorescence using E-cadherin clone 36 and anti-c-myc A14 
antibody and Texas red or Oregon green-conjugated secondary anti-mouse and 
anti-rabbit antibodies. 

Figure 25 shows expression of E-cadherin and scFv in NIH:0VCAR-3 stable 
transfectant expressing the ER-VK-4.5 control scFv without induction with 
doxycycline. Cells were grown on glass slides for 48hrs and fixed in ice-cold 
methanol generated and expression of E-cadherin and scFv was assesed by 
immunofluorescence using E-cadherin clone 36 and anti-c-myc A14 antibody and 
Texas red or Oregon green-conjugated secondary anti-mouse and anti-rabbit 
antibodies. 

Figure 26 shows expression of E-cadherin and scFv in NIH:OVCAR-3 stable 
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transfectant expressing the ER-VK-4.5 control scFv when induced with 
doxycycline. Cells were grown on glass slides in the presence of doxycycline for 
48hrs and fixed in ice-cold methanol generated and expression of E-cadherin and 
scFv was assesed by immunofluorescence using E-cadherin clone 36 and anti-c-myc 
5 A14 antibody and Texas red or Oregon green-conjugated secondary anti-mouse and 
anti-rabbit antibodies. 



Figure 27 shows expression of avps integrin and scFv in NIH:OVCAR-3 stable 
transfectant expressing the ER-VK-8-1.9 anti-CA125 scFv when induced or not 
10 with doxycycline. Cells were grown in the absence or presence of doxycycline for 
48hrs and subsequently fixed in ice-cold methanol generated and expression of avp5 
integrin and scFv was assesed by immunofluorescence using anti- avps integrin 
clone P1F6, anti-c-myc 9E10 antibody and Texas re or Oregron green labelled 
secondary antibodies. 

15 

Figure 28 shows expression of avpS Integrin and scFv in NIH:OVCAR-3 stable 
transfectant expressing the ER-VK-8-4.5 antl-CA125 scFv when Induced or not 
with doxycycline. Cells were grown in the absence or presence of doxycycline for 
48hrs and subsequently fixed in ice-cold methanol generated and expression of avpS 
20 integrin and scFv was assesed by immunofluorescence using antl-avp5 integrin 
clone P1F6, anti-c-myc 9E10 antibody and Texas re or Oregron green labelled 
secondary antibodies. 



Figure 29 shows alignment of deduced amino acid sequence for anti-CA125 
25 scFvs VK^-1.9 and 00125-3.11 as well as control scFv VK-8-4.5 Nucleotidic 
sequences encoding the antl-CA125 scFvs and their control were determined from 
pCANTAB5E/scFv constructs using the scFv specific primers S1 and S6 from the 
pCANTABS sequencing primer set (Amersham Pharmacia Biotech, Piscataway, NJ). 
Sequences were determined using the LI-COR automatic sequencing system (Bio 
30 S&T Inc., Lachine, QUE). Amino acid sequence was deduced from the nucleotidic 
sequences and aligned using the Alibee multiple alignment software available at 
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www.qene bee.msu su/services/maliqn reduced html The area in boxes represent 
consensus sequences of frameworks 1-4 of heavy and light chain, asterisks 
con-espond to differences between VK-8-1.9 and OC125-3.11 anti-CA125 scFvs 
whereas arrows Identify differences between VK-8-1 .9 and VK-8-4.5 scFvs. 

Figure 30 shows SEQ ID NO: 1. 

The 5' to 3' coding sequence of the head-to-tail linked Vn-linker-VL portion of the 
single-chain antibody VK-8-1.9. The nucleotide sequence of the linker is underlined. 

Figure 31 shows SEQ ID NO: 2. 

The 5' to 3' coding sequence of the head-to-tail linked VH-linker-Vt portion of the 
single-chain antibody OC125-3.11. The nucleotide sequence of the linker is 
underlined. 

Figure 32 shows SEQ ID NO: 3. 

The 5' to 3* coding sequence of the Vh portion of the single-chain antibody VK-8-1 .9. 
Figure 33 sliows SEQ ID NO: 4. 

The 5' to 3' coding sequence of the Vl portion of the single-chain antibody VK-8-1 .9. 
Figure 34 shows SEQ ID NO: 5. 

The 5* to 3* coding sequence of the Vh portion of the single-chain antibody OC125- 
3.11. 

Figure 35 shows SEQ ID NO: 6. 

The 5' to 3' coding sequence of the Vl portion of the single-chain antibody OC125- 



3.11. 



While the invention will be described in conjunctton with example embodiments, it will 
be understood that it Is not Intended to limit the scope of the invention to such 
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embodiments. On the contrary, it is intended to cover all alternatives, modifications 
and equivalents as may be included as defined by the appended claims. 



DESCRIPTION 

5 

The present invention is directed to modulators of CA 125 tumor antigen, 
recombinant nucleic acids, vectors, host cells, pharmaceutical compositions, and 
methhods of use of the foregeoing for negatively modulating CA 125 tumor antigen 
in mammalian cell in order to prevent and treat a CA 125 tumor antigen associated 
10 disease in a mammal. 

Modulators of the present invention 

The present invention is directed to modulators capable of negatively modulating of 
CA 125 tumor antigen in a mammalian cell. More specifically, the modulators of the 

15 invention negatively modulate the function and or expression of CA 125 tumor 
antigen. Negative modulation is to be understood herein therefore as a significant 
decrease and preferably the abolition of the function and or expression of CA 125 
tumor antigen. The present inventors show herein that CA 125 tumor antigen is 
responsible for the promotion of CA 125 associated diseases in mammals. More 

20 particularly, the inventors have discovered that CA 125 tumor antigen function and 
CA 125 tumor antigen expression both constitute novel therapeutic targets for 
combatting these diseases. The modulators of the present invention are therefore 
aimed at these novel therapeutic targets which are CA 125 tumor antigen expression 
and CA 125 tumor antigen function. 

25 

The CA125 tumor antigen is a protein associated with the majority of human 
epithelial ovarian cancers, the most common form of the disease. It is also known to 
be overexpressed in other diseases such as endometriosis, cen/ical cancer, cancer 
of the uterus, fallopian tube cancer, cancer of the endometrium, prostate cancer, 
30 lung cancer, etc. The foregoing diseases are therefore non exclusive examples of 
what is meant by the expression "CA 125 tumor antigen associated diseases". 
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As used herein, the term "mammar refers to any mammal that is susceptible to a CA 
125 tumor antigen associated disease as defined herein. Among the mammals which 
are known to be potentially affected, are humans. 

More specifically, the present invention concerns a modulator capable of negatively 
modulating CA 125 tumor antigen function and or expression in a mammalian cell. 
Such a modulator may, for instance, negatively modulate the cell surface expression 
of CA 125 tumor antigen. One way of achieving this downregulation of CA 1 25 tumor 
antigen cell surface expression is through the sequestration of newly synthesized CA 
125 tumor antigens or peptidic fragments thereof within cellular organelle(s) such as 
the endoplasmic reticulum, the trans-golgi, the golgi, the mitochondrion, the 
cytoplasm. The sequestration may also altematively be achieved within any other 
cellular compartment. 

A prefered modulator contemplated by the present invention is a single-chain 
antibody that specifically binds to CA 125 tumor antigen or a peptidic fragment 
thereof. Such a single-chain antibody is preferably derived from the OC 125 
monoclonal antibody or the VK-8 monoclonal antibody as are the single-chain 
antibodies generated by the inventors and designated hereinbelow OC 125-3.1 1 and 
VK-8-1.9. These particular single-chain antibodies contain fragments coded by SEQ 
ID Nos 2 and 1 respectively (Figures 31 and 30). However, the invention also 
concems any single-chain antibody comprising a fragment coded by any one or more 
of the sequences of SEQ. ID NOS 1 to 6 (Figures 30 to 35) and which specifically 
binds to CA 125 tumor antigen or a polypeptidic fragment thereof and, as discussed 
herein, negatively modulates CA 125 tumor antigen function and or expression. Such 
an antibody preferably results from the combination, for instance, of the variable 
heavy sequence derived from the OC 125 monoclonal antibody (Figure 5) linked to 
the variable light sequence derived from the VK^8 monoclonal antibody (Figure 4). 
Or, preferably it results from the pemiutaion of the variable heavy sequence derived 
from the VK-8 monoclonal antibody (Figure 3) linked to the variable light sequence 
derived from the OC 125 monoclonal antibody (Figure 6). Other such permutations 
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of SEQ ID Nos 1 to 6 are also withhin the scope of the present Invention. 



The present Inventors developed the two above mentioned anti-CA125 single-chain 
antibodies (scFvs), OC 125-3.11 and VK-8-1.9. and show that they act as CA125- 
5 specific negative modulators of CA 125 tumor antigen function and expression as 
further described hereinbelow. When expressed intracellularly and retained to the ER 
(endoplasmic reticulum) or Golgi, the anti-CA125 scFvs entrap CA125 within the 
secretion pathway and therefore prevent its proper cell surface localization In the 
mammalian cells which results in an increased cell proliferation and sensitivity to 
10 chemotherapeutic drugs such as cisplatin, reduced cell adhesion and migration and 
prevents tumor growth in nude mice. The inventors show a functional link between 
CA125 tumor antigen and cell proliferation, sensitivity to dmgs such as cisplatin, cell 
adhesion and cell migration and tumorigenicity. 

1 5 Alternatively, the negative modulators of the present invention are to be understood 
as comprising any negative modulator of CA 125 tumor antigen function and or 
expression. As people skilled in the art will know, such negative modulators may act 
at different levels: such as the transclptiorial, post-transcrlptional, translational or 
post-translational levels. Such negative modulators may be any type of ligand that 

20 specifically bind any CA 125 tumor antigen precursor (such as a CA 125 mRNA), or 
any CA 125 tumor antigen, or fragments of the foregoing. Dominant negative 
molecules are another example of a negative modulator which allows to achieve the 
negative modulation of CA 125 tumor antigen function and or expression. A negative 
modulator of the present invention may therefore be any molecule which specifically 

25 Inhibits, blocks, neutralizes, knocks-out, or downregulates CA 125 tumor antigen 
function and or expression in a mammalian cell. Such a negative modulator may also 
act upon CA 125 tumor antigen function or expression from the outside of the cell, 
for instance, through the extracellular portion of CA 125 tumor antigen. 

30 Recombinant nucleic acids 

The present Invention is also directed to any recombinant nucleic acid comprising at 
least one nucleic acid sequence selected from the group consisting of SEQ ID NOS 



wo 03/076465 

16 

1 to 6 (figures 30 to 35 respectively). 
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The expression "nucleic acid sequence", "nucleotide sequence", "nucleic 
acid", "polynucleotide", "polynucleotide sequence" are terms which are employed 
5 interchangeably in the present application and which are meant to designate a 
precise chain of nucleotides, modified or not.allowing the defintion of a fragment or 
region of a polynucleotide, comprising or not non natural nucleotides, and that may 
correspond to double-stranded DNA or a single-stranded DNA. This also includes 
DNA molecules, RNA molecules, cDNA, artificial sequences and all fragments 
10 thereof. Any polynucleotide which has been chemically, enzymatically, or 
metabolically modified but which still retains the properties of the original 
polynucleotide, e.g. codes for a peptide fragment which specifically binds to CA 125 
tumor antigen in mammalian cells, is included within the meaning of the present 
invention. 

15 

The present invention does not concern nucleotide sequences in their natural 
chromosome environment, e.g. in the natural state. Rather it concerns purified or 
isolated sequences, e.g. sequences that have been directly or indirectly obtained, 
through a process such as cloning, amplification and or chemical synthesis, their 
20 environment having therefore been at least partially modified. It is also understood 
that a polynucleotide which is introduced in an organism by transformation, genetic 
engineering, or any other recombinant method is "isolated" or "recombinant" even 
though it is present inside the said organism. 

2 5 The sequences of the present invention preferably possess a DNA sequence 

presenting a percentage of identity of 70% or more with one of the sequences of 
figures 30 to 35. The expression "percentage of identity" is meant to indicate a 
degree of identity between two nucleic acid sequences along the sequences in their 
entirety. If the particular sequences are of different lengths, the percentage of identity 

30 is expressed relatively to the total length of the shortest sequence of the two. In order 
to calculate the percentage of identity, both sequences are superposed in such a 
way to maximize the number of identical bases allowing for intervals, the number 
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identical bases is is then divided by the total number of bases of the shortest 
sequence. 

As used herein, the term "polypeptide(s)" refers to any peptide or protein 
5 comprising two or more amino acids joined to each other by peptide bonds or 
modified peptide bonds. "Polypeptide(s)" refers to both short chains, commonly 
referred to as peptides, oligopeptides and oligomers and to longer chains generally 
referred to as proteins. "Polypeptide(s)" include those modified either by natural 
processes, such as processing and other post-translational modifications, but also 

10 by chemical modification techniques. Such modifications are well described in basic 
texts and in more detailed monographs, as well as in a voluminous research 
literature, and they are well known to those of skill in the art. It will be appreciated 
that the same type of modification may be present in the same or varying degree at 
several sites in a given polypeptide. Also, a given polypeptide may contain many 

1 5 types of modifications. Modifications can occur anywhere in a polypeptide, including 
the peptide backbone, the amino acid side-chains, and the amino or carisoxyl temiini. 
Modifications include, for example, acetylation, acylation, ADP-ribosylation, 
amidation, covalent attachment of flavin, covalent attachment of a heme moiety, 
covalent attachment of a nucleotide or nucleotide derivative, covalent attachment of 

20 a lipid or lipid derivative, covalent attachment of phosphotidylinositol, cross-linking, 
cyclization, disulfide bond fomiation, demethylatlon, fomiation of cysteine, fomiation 
of pyroglutamate, fomiylation, gamma-carboxylation. GPI anchor formation, 
hydroxylation, iodination, methylation, myristoylation, oxidation, proteolytic 
processing, phosphorylation, prenylation. racemization. glycosylation, lipid 

25 attachment, sulfation, gamma-carboxylation of glutamic acid residues, hydroxylation, 
selenoylation, sulfation and transfer-RNA mediated addition of amino acids to 
proteins, such as arginylation, and ubiquitination. See, for instance: PROTEINS- 
STRUCTURE AND MOLECULAR PROPERTIES, 2nd Ed.. T. E. Creighton, W.H. 
Freeman and Company. New York (1993); Wold. F., Posttranslational Protein 

30 Modifications: Perspectives and Prospects, pgs. 1-12 in POSTTRANSLATIONAL 
COVALENT MODIFICATION OF PROTEINS. B. C. Johnson, Ed.. Academic Press. 
New York (1983); Seifter et al., Meth. Enzymol. 182:626-646 (1990); and Rattan et 
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al., Protein Synthesis: Posttranslational Modifications and Aging, Ann. N.Y. Acad. 
Sci. 663: 48-62(1992). Polypeptides may be branched or cyclic, with or without 
branching. Cyclic, branched and branched circular polypeptides may result from 
post-translationai natural processes and may be made by entirely synthetic methods, 
as well. 

Vectors and host cells 

In a third embodiment, the invention is further directed to cloning or expression 
vector comprising a polynucleotide sequence as defined above, and more 
particularly directed to a cloning or expression vector which Is capable of directing 
expression of the polypeptide encoded by the polynucleotide sequences of the 
present invention in a vector-containing cell or host cell. 

As used herein, the term "vector" refers to a polynucleotide construct designed for 
transduction/transfection of one or more cell types. Vectors may be, for example, 
"cloning vectors" which are designed for isolation, propagation and replication of 
inserted nucleotides, "expression vectors" which are designed for expression of a 
nucleotide sequence in a host cell, or a "viral vector" which is designed to result in 
the production of a recombinant virus or virus-like particle, or "shuttle vectors", vvhich 
comprise the attributes of more than one type of vector. 

A number of vectors suitable for stable transfection of cells and bacteria are available 
to the public (e.g. plasmids. adenoviruses, baculoviruses, yeast baculoviruses, plant 
viruses, adeno-associated viruses, retroviruses, Herpes Simplex Viruses. 
Alphaviruses, Lentivlmses), as are methods for constmcting such cell lines. It will be 
understood that the present invention encompasses any type of vector comprising 
any of the polynucleotide molecule of the invention. 



In a fourth embodiment, the invention is also directed to a host, such as a genetically 
modified cell, comprising a modulator of the present invention, and or a vector of the 
present invention, and or any of the polynucleotide sequences according to the 
invention and more preferably, a host capable of expressing the polypeptide encoded . 
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by this polynucleotide. 

The host cell is any type of cell. Preferably, it is a mammalian cell, such as a cell 
from an estblished cell line or an isolated primary cell. Alternatively, it may be an 
5 insect cell, yeast cell {Saccharomyces cemvisiae, Ktuyveromyces lactis, Pichia 
pastoris), plant cell, microorganism, or a bacterium (such as E. coli). 

Pharmaceutical compositions 

In a fifth embodiment, the present invention concerns any pharmaceutical 
10 composition comprising a pharmaceutically acceptable carrier and at least one 
element selected from the group consisting of a modulator as defined by the present 
invention, a recombinant nucleic acid as defined by the present invention, a vector 
as defined by the present invention, and a host cell as defined by the present 
invention. 

15 

Methods well-known in the art for making pharmaceutical compositions or 
formulations are found, for example, in "Remington's Pharmaceutical Sciences" 
(Gennaro AR ed., 20th edition, 2000: Williams & Wilkins PA. USA). Formulations for 
parenteral administration may, for example, contain excipients, sterile water, or 

20 saline, polyalkylene glycols such as polyethylene glycol, oils of vegetable origin, or 
hydrogenated napthalenes. Biocompatible, biodegradable lactide polymer, 
lactide/glycolide copolymer, or polyoxyethylene-polyoxypropylene copolymers may 
be used to control the release of the compounds. Other potentially useful parenteral 
delivery systems include ethylene-vinyl acetate copolymer particles, osmotic pumps, 

25 implantable infusion systems, and liposomes. Formulations for inhalation may 
contain excipients, for example, lactose, or may be aqueous solutions containing, for 
example, polyoxyethylene-9-lauryl ether, glycocholate and deoxycholate, or may be 
oily solutfons for administration in the form of nasal drops, or as a gel. 

30 Conventional phamiaceutical practice may be used to provide suitable 

fonnulations to administer the composition to patients. Administration may begin 
before the patient is symptomatic. Any appropriate route of administration may be 
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employed, for example, administration may be parenteral, intravenous, intraarterial, 
subcutaneous, intramuscular, intracranial, intraorbital, ophthalmic, intraventricular, 
intracapsular, intraspinal, intracisternal, intraperitoneal, intranasal, aerosol, by 
suppositories, or oral administration. Therapeutic formulations may be in the form of 
5 liquid solutions or suspensions; for oral administration, formulations may be in the 
form of tablets or capsules; and for intranasal formulations, in the form of powders, 
nasal drops, or aerosols. 

The amount of the elements in the composition of the present invention and 
10 amounts to be administered is a therapeutically effective amount. A therapeutically 
effective amount is that amount necessary for obtaining beneficial results without 
causing overly negative secondary effects in the host to which the composition is 
administered. The exact amount of each of the component elements in the 
composition and amount of the composition to be administered will vary according 
15 to factors such as the type of condition being treated, the other ingredients in the 
composition, the mode of administration, the age and weight of the individual, etc. 
If necessary, one may refer to the last edition of the Canadian Compendium of 
Pharmaceuticals & Specialties (CPS). 

20 

Uses and methods 

In a sixth embodiment, the present invention also concerns a use of at least one 
element selected from the group consisting of a modulator as defined by the present 
invention, a recombinant nucleic acid as defined by the present invention and a 
25 vector as defined by the present invention for negatively modulating a CA 125 tumor 
antigen in a mammalian cell. 

In a seventh embodiment, the present invention concerns a use of at least one 
element selected from the group consisting of a modulator as defined by the present 
30 invention, a recombinant nucleic acid as defined by the present invention, a vector 
as defined by the present invention, a host cell as defined by the present invention 
and a pharmaceutical composition as defined by the present invention for preventing 
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and treating a CA 125-tumor-antigen-associatecl disease in a mammal. 

In an eighth embodiment, the present invention concerns a method of prevention or 
treatment of a CA 125-tumor-antigen-associated disease in a mammal comprising 
5 the step of administrating to that mammal at least one element selected from the 
group consisting of a modulator as defined by the present invention, a recombinant 
nucleic acid as defined by the present invention, a vector as defined by the present 
invention, and a host cell as defined by the present invention. 

10 As used herein, the term "treating" refers to a process by which the symptoms of a 
CA 125 tumor antigen associated disease are alleviated or completely eliminated. 
As used herein, the term "preventing" refers to a process by which a CA 125 tumor 
antigen associated disease is obstructed or delayed. 

15 In a ninth embodiment, the present invention concerns a method for negatively 
modulating a CA 125 tumor antigen In a mammalian cell comprising the step of 
introducing into that cell at least one element selected from the group consisting of 
a modulator as defined by the present invention, a recombinant nucleic acid as 
defined by the present invention, and a vector as defined by the present invention. 

20 

The present invention will be more readily understood by referring to the 
following examples. Thess examples are illustrative of the wide range of applicability 
of the present invention and are not intended to limit its scope. Modifications and 
variations can be made therein without departing from the spirit and scope of the 
25 invention. Although any methods and materials similar or equivalent to those 
described herein can be used in practice for the testing of the present invention, the 
preferred methods and materials are described. 



30 



EXAMPLES 

EXAMPLE I : Construction and in vitro validation of modulators according to 
a preferred embodiment of the present invention, namely, anti-CA125 scFvs 
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The inventors constructed single-chain antibody libraries derived from the OC125 
and VK-8 hybridoma cell lines specific for CA125. The two scFv libraries were 
screened for CA125 binding activity by ELISA using commercially purified human 
CA125. ScFvs that bound to CA125 by ELISA. OC125-3.1 1 and VK-8-1 .9. and one 
that did not bind, VK-8-4.5 were selected (figure 15 A-B). The inventoi^ hypothesized 
that if those scFvs (CA125 binders) once expressed intraceliulariy were localized to 
and retained within the ER or the Golgi then CA125 antigen would be entrapped 
during synthesis and thus be unable to localize at cell surface and interact with other 
intracellular and/or extracellular proteins to achieve its function(s). The scFvs were 
targeted to the ER or trans-median Golgi by sequence fusion with an IgK secretion 
leader and a KDEL signal or fusion with the N-temninal 81 amino acids of human 
beta 1,4-galactosyltransferase, a protein resident of the trans-medial Golgi (47-49) 
In addition ot a c-myc tag at the C-tenninus. Immunoprecipitation experiments 
showed that the anti-CA125 scFvs were immunoprecipitated with anti-c-myc antibody 
whereas only OC125-3.11 and VK-8-1 .9 (both positive for CA125 binding) were co- 
immunoprecipitated using anti-CA125 OC125 and VK-8 MAbs (figurel 5 C-E). These 
results demonstrate that the OC125-3.11 and VK-8-1 .9 anti-CA125 scFvs bind to 
CA125 in vitro. 



EXAMPLE II: Localization of antl-CA125 scFvs and cell surface down- 
regulation of CA125 

Proper localization of the anti-CA125 scFvs of the invention in transient transfection 
of human ovarian cancer cells OVCAR-3 was demonstrated by immunofluorescence. 
Results obtained with ER-VK-8-1.9 and GOLGI-OC125-3.il are shown in figure 16A. 
Immunofluorescence studies showed that cells expressing the Golgi-targeted 
OC1 25-3.1 1 or ER-targeted VK-8-1 .9 lost expression of CA125 at the cell surface. 
Hovtfever surrounding cells that did not express the scFvs (not transfected) were 
positive for CA125 at the cell surface. In addition, the presence of the ER-targeted 
VK-8-4.5. which did not bind CA125 by ELISA and immunoprecipitation experiments, 
did not affect expression of CA125 in the cells expressing this scFv. These results 
show that the expression and retention of ER- or GOLGI-targeted anti-CA125 scFvs 
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results in CA125 down-regulation at the cell surface. Antl-CA125 scFvs act therefore 
act as potent negative modulators of CA125. 

EXAMPLE III : Consequences of CA125 cell surface down-regulation in human 
5 ovarian cancer cell line NIH:0VCAR-3 

To determine the effects of down-modulating CA125 expression at the cell surface, 
the inventors derived stable clones encoding the ER-targeted VK-8-1.9 and Golgi- 
0C1 25-3.1 1 (both positive for CA125 binding) and ER-VK-8-4.5 (negative for CA125 
binding) scFvs in human ovarian cancer cell lines OVCAR-3 (high expresser of 

10 CA125), OV-90 (moderate expresser) and SK0V3ip1 cells (low expresser). Some 
of the OVCAR-3 clones have been already characterized for scFv and CA125 
expression and all of the other clones (Including in SK0V3ip1) have also been 
evaluated. Characterization of stable clones ER-VK-8-1 .9#9 and ER-VK-8-4.5#12 is 
shown in figure 17. A dramatic decrease in CA125 expression at the cell surface was 

1 5 observed in stable clone ER-VK-8-1 .9#9 (positive for CA1 25 binding) while CA1 25 
expression was not affected in the clone ER-VK-8-4.5#12 (negative for CA125 
binding) although the scFv in this clone was expressed at adequate levels (figure 
17A). Similar results were obtained from FACS analysis (figure 17B). These results 
are consistent with results obtained previously from transient transfection 

20 experiments. Taken together these results demonstrate that the scFvs of the present 
invention act as specific negative modulators of CA125 and that the stable clones of 
the present invention provide unique tools. 

Expression of E-cadherin and avBv inteorin at the c ell surface 
25 To further characterize the stable transfectants expressing the anti-CAl 25 scFvs the 
inventors evaluated the expression of E-cadherin and avpv integrin at the cell 
surface for each stable transfectant. Figures 23 through 26 show that E-cadherin 
expression at the cell surface is not affected by the presence of the ER-VK-8-1 .9 
anti-CA125 scFv or the control ER-VK-8-4.5 demonstrating that E-cadherin 
30 expression is not modulated by CA1 25 levels. Expression of avpv integrin at the cell 
surface of ER-VK-8-4.5 transfectant is also not affected by the expression of the 
scFv (figure 28). However, the stable transfectant expressing the ER-VK-8-1 .9 anti- 
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CA125 scFv shows a reduced level of avpv integrin at the cell surface demonstrating 
that CA125 influences levels of avpv integrin expression at the cell surface. 

Cell proliferation on adhesive support 

In vitro growth kinetics of ER-VK-8-1.9 and ER-VK.8-4.5 clones was evaluated 
compared with that of the parental cell line using a XTT cell proliferation assay (50). 
Stable clone ER-VK-8-1 .9#9 (positive for CA125 binding) grew faster than the ER- 
VK-8-4.5#12 (negative for CA125 binding) which grew at a rate similar to that of the 
parental OVCAR-3 cells (figure 18A). Stable clone ER-VK-8-1 .9#9 seems to adhere 
faster to the plastic than OVCAR-3 cells or ER-VK-8-4.5#12 clone (not shown). 
These results show that loss of CA125 at the cell surface affects cell proliferation on 
adhesive support. 

To further characterize this effect, clonogenic assays were perfomied to investigate 
the growth kinetics of each transfectant when seeded at low density on adhesive 
support. Increasing amounts of each transfectant, VK-8 KDEL/1:9 # 9 and KDEL/4:5 
#12, and the parental ceil line NIH OVCAR-3 were seeded in 6-well plates and 
grown in the absence or the presence of doxycycline. Fourteen days later, cells were 
stained with Giemsa. The number of colonies was scored for each transfectant and 
plotted against the amount of cells seeded. Figure 18.1 A shows that no difference 
In the amounts of colonies formed by each transfectant, regardless of CA125 status, 
confimiing that CA125 does not affect the ability of the cells to form colonies when 
seeded at low density on adhesive support. However, figures 18.1B to D show that 
the size of colonies formed by transfectant VK-8-1.9#9 was much bigger and easier 
to visualize compared to those from transfectant VK-8-4.5#12 and the parental ceil 
line NIH OVCAR-3 demonstrating that transfectant VK-8-1 .9#9 grow at an increased 
rate compared to the controls. These results show that CA125 influences the growth 
rate of cells and does not however modulate the ability of the cells to form colonies 
on adhesive support when seeded at low density. 



Sensitivity to cisplatin 

Consequently, sensitivity to cisplatin of the various stable transfectants was 
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determined. Stable clone ER-VK-8-1.9#9, the ER-VK-8-4.5#12 and the parental cell 
lines were plated in triplicate in g6-well plates and exposed or not to increasing 
concentrations of cisplatin. Fours days later, cell proliferation was measured with a 
XTT assay. Percentage of survival was plotted against concentration of cisplatin. 
5 Ounces represent results from 3 independent experiments (figure 20). Results 
showed that stable clone ER-VK-8-1 .9#9 was more sensitive to cispaltin than control 
cells. iC50 were calculated and figure 21 shows that the stable clone ER-VK-8-1 .9#9 
is approximately 10-fold more sensitive to cisplatin than ER-VK-8-4.5#12 and the 
parental cell lines. Similar experiments were performed using taxol and results 
10 showed no difference between sensitivity of stable transfectant ER-VK-8-1 .9#9. the 
ER-VK-8-4.6#12 and the parental cell lines confirming that the increased sensitivity 
of transfectant ER-VK-8-1 .9#9 is linked to the increase in cell proliferation. These 
results demonstrate that CA125 influences cell proliferation and thereby controls the 
sensitivity to therapeutics drugs such as cisplatin. 



Cell-cvcle analysis 

Cell proliferation is closely linked to rate of apoptosis and cell cycle. Therefore the 
cell cycle progression of each transfectant was investigated. DNA content of non- 
synchronized cells was stained with propidium iodide at various time points for 

2 0 approximately 48 hr and the percentage of cells in each phase of the cell cycle was 
determined by FACS analysis. Figure 20.1 A shows that the respective profiles of cell 
cycle progression of transfectant VK-8-1.9#9 and VK-8-4.5#12 differ significantly, 
mostly In the G2/M peak. Figure 20. IB shows percentages of cells In each phase 
of the cell cycle. A dramatic increase in the number of cells in G2/M phase was 

2 5 obtained for transfectant VK-8-1 .9#9 compared to the control demonstrating that the 
loss of CA125 results in an increase in cell cycle progression. These results therefore 
confirm that CA125 controls cell proliferation by modulating the rate of cell cycle 
progression. 



15 



30 



Cell-cell interactions and anchorage independence 

We also assessed the effect of CA125 cell surface down-regulation on the ability of 
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the cells to mediate cell-cell interaction using a cell aggregation assay (51). Cell-cell 
interactions are measured by the ability of the cells to aggregate to each other and 
grow in clumps. Transfectant ER-VK-8-4.5#12 formed small aggregates and grew 
in small clumps similarly to the parental OVCAR-3 cells (figure 18B). In contrast, 
transfectant ER-VK-8-1.9#9 (positive for CA125 binding) did not fonn aggregate and 
only isolated single cells were observed. In addition, the single cells observed in this 
clone did not grow and looked as If they were dead or dying. These results show that 
loss of CA125 at the cell surface impairs the cells ability to mediate cell-cell 
interactions and to survive in anchorage-independent conditions. 

Cell migration 

The inventors also detemiined the consequence of reducing CA125 expression 
levels at the cell surface on cell migration. We evaluated the cell motility of ER-VK-8- 
1.9#9 and ER-VK-8-4.5#12 stable transfectants and compared to the parental cell 
line using the wound or scratch assay (52). Cells were plated in 6-well plates and 
when confluent a wound was made in the monolayer using a razor blade. To 
distinguish between cell proliferation and cell migration, cell proliferation was 
inhibited with 20mM hydroxyurea (53). Cells were incubated in the presence or the 
absence of FBS. In the absence of FBS none of the cells, neither the parental cells, 
were able to migrate and fill in the wound (not shown). This suggests that some 
factors present in the serum may be required for stimulating cell motility as showed 
by others in different tumor cell lines (54). However, in the presence of FBS, the only 
cells that did not migrate and fill in the wound were the cells from clone ER-VK-8- 
1.9#9 (positive for CA125 binding) (figure 18C). Cells from clone ER-VK-8-4.5#12 
(negative for CA125 binding) migrated in a similar manner as the parental cells. 
These results show that CA125 affects cell migration of the OVCAR-3 cell line. 

Tumor orowth 

The inventors also determined whether the loss of CA125 expression at the cell 
surface affects the in vivo behaviour of human ovarian cancer cells in tumor-bearing 
mice subcutaneously or intraperitoneally. This was achieved by evaluating tumor 
growth, tumor burden, formation of ascites, presence of tumor cells in ascites. 
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pattern of metastases spread and sun/ival of mice. The tumorigenicity of each stable 
transfectant was also determined in nude mice. Stable clone ER-VK-8-1.9#9, the ER- 
VK-&4.5#12 and the parental cell lines were inoculated subcutaneously in nude mice 
and tumors were allowed to grow for 6 weeks after which tumors were excised and 
5 tumor weight was measured. Figure 18D shows that tumor derived from stable done 
ER-VK-8-1.9#9 were significantly much smaller (if existant) than those from the ER- 
VK-8-4.5#12 and the parental cell lines demonstrating that CA125 influence the 
tumorigenic potential of ovarian cancer cells. When injected intraperitoneally, stable 
clone ER-VK-8-1.9#9 showed a significant slower growth, reduced volume of ascites, 
10 a decrease in the total number of viable tumor cells in suspension (in ascites) and 
therefore an overall increased in survival of mice (not shown). 

These results taken together point to a role for CA125 in the pathogenesis of ovarian 
cancer by influencing tumor cell proliferation, tunrar cell adhesion and migration, and 
15 in tumorigenesis. Results also show CA 125 controls sensitivity of these cells to 
chemotherapeutic drugs such as cisplatin. 

EXPERIMENTAL PROCEDURES 



20 Derivation of anti-CA 125 scFv constructs - The hybridoma cell line VK-8 which 
express a monoctonal antibody against CA 125 tumor antigen has been described 
previously and was kindly provided by K.O. Lloyd (Sloan-Kettering Memorial Cancer 
Center, New York, NY) (18). Total mRNA was extracted from VK-8 hybridoma using 
the PolyA-track kit from Promega. Total mRNA extracted from OC125 hybridoma cell 

2 5 line was kindly provided by R.C. Bast (MD Anderson Cancer Center, Houston, TX). 
ScFvs constructs were generated using the Recombinant Phage Antibody System 
(Amersham Pharmacia Biotech, Piscataway, NJ) according to the manufacturer's 
instructions. Briefly, the variable heavy and light chains (Vh and Vl) were amplified 
from the cDNA by PCR using mouse variable region primers. The Vh and Vl DNA 

30 fragments were linked together by overlap extension PCR using a (Gly4Ser)3 linker 
to generate 750bp scFv constructs with flanking Sfil and NotI sites. The scFv DNA 
fragments were inserted into Sfil/NotI sites of the prokaryotic expression vector 
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pCANTABSE from the Mouse ScFv Module (Amersham Pharmacia Biotech, 
Piscataway, N J). Screening of recombinant clones expressing a soluble scFv was 
accomplished by a colony lift assay as described previously (26). 

Plasmids - The phagemid pCANTAB5E/scFv contains the anti-CA 125 scFvs 
encoding sequences under the control of the inducible lac promoter. The scFvs are 
expressed as fusion proteins with a peptide tag (Etag) at the C-terminus to allow 
easy immunodetection. The ER-targeting vector pSTCF.KDEL was previously 
described (27). The selected anti-CA 125 scFv DMA fragments were subcloned into 
the Sfil/NotI sites of pSTCF.KDEL just upstream and in frame with the c-myc 
tag/KDEL sequence. The pLTR retroviral expression vector was described in details 
elsewhere (28).The same anti-CA 125 scFv DNA fragments were subcloned into the 
PLTR.KDEL retroviral plasmid as Sfil/NotI sites after insertion of a Sfil/NotI containing 
polylinker at Xhol site of pLTR.KDEL. In this vector, expression of the scFvs is under 
the control of a tetracycline-inducible CMV promoter. 

Binding analysis by ELISA - Periplasmic extracts were prepared as previously 
described (29). Elisa plates were coated with 10 ^g of purified CA 125 tumor antigen 
in 200^1 carbonate buffer pH 9.6 and incubated ovemight at 4''C in a humidified 
chamber. Wells were washed 3 times with 200^1 PBS and blocked with 200^l 2% 
BSA/PBS-0.05% Tween20 (for VK-8 derivative scFvs) or 20p^l 2% NFDM/PBS-0.1% 
Tween20 (for OC125 derivative scFvs) for Ihr at room temperature in a humidified 
chamber. The plates were air dried, 100^1 of periplasmic extracts were added in 
lOOjil of blocking buffer and the plates were incubated at room temperature for Ihr 
in humidified chamber. Parental monoclonal antibodies VK-8 and OC125 served as 
positive control and an anti-Bcl-2 scFv and periplasmic extract from bacteria without 
plasmid served as negative controls. The antt-Bcl-2 scFv was described previously 
(29). Plates were then washed 6 times with blocking buffer, wells were allowed to 
air dry, mouse anti-Etag antibody (Pharmacia Biotech, Piscataway. NJ) was added 
1:1000 in 200^1 2% BSA/PBS-0.05% Tween20 or 20pDl 2% NFDM/PBS-0.1% 
Tween20 and plates were incubated for 1h at 37°C in a humidified chamber. Wells 
were washed again 6 times with PBS/0.5%Tween20 or PBS/0. 1%Tween20 and anti- 
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mouse HRP-conjugated secondary antibody 1 :2000 was added in 2% BSA/PBS- 
0.05% Tween20 or 2% NFDM/PBS-0.1% Tween20 and plates were incubated for 
another hour at 37<'C in a humidified chamber. The plates were subsequently 
washed 10 times with PBS/0.05%Tween20 or PBS/0. 1%Tween20. air dried, 100 \i\ 
5 of HRP susbtrate were added and plates were incubated in darkness. After 1 5-30 
min 1 00^l of H2SO4 1 N were added in each well to stop the colorimetric reaction. The 
OD was read at 450 rim in an ELiSA plate reader. 

Sequencing ofDNA encoding anti-CA 125 scFvs - ScFv encoded sequences were 
10 detemiined from pCANTAB5E/scFv constructs using the scFv specific primers SI 
and S6 from the pCANTAB5 sequencing primer set (Amersham Phamnacia Biotech, 
Piscataway, NJ). Sequence were determined using the LI-COR automatic 
sequencing system (Bio S&T Inc., Lachine, QUE). 

15 Cell lines - The human ovarian cancer NIH:0VCAR-3 and the green monkey kidney 
COS-7 cell lines were obtained from the American Type Culture Collection (Rockville, 
MD). COS-7 cells were maintained in F12/DMEM (Biomedia, Drummondville, QUE) 
supplemented with 10% FBS (Biomedia, Drummondville, QUE), 2mM L-glutamine 
(Biomedia. Drummondville, QUE), 100 units/ml penicillin (Cie, city, state) and 

20 100|jg/ml streptomycin. NIH:0VCAR-3 cells were grown in RPM1 1640 (Biomedia, 
Drummondville. QUE) supplemented with 20% FBS (Biomedia. Drummondville, 
QUE), 2mM L-glutamine (Biomedia, Drummondville. QUE), 100 units/ml penicillin, 
100|jg/ml streptomycin and lO^g/ml insulin. Both cell lines were maintained at 37''C 
in a humidified 5% CO2 incubator. 

25 

Immunoblot analysis - Periplasmic extracts (equal volume), cell lysates (equal 
amounts of proteins) or immunoprecipitates were submitted to SDS-PAGE 
electrophoresis (12%) and transfen^ed onto PVDF membrane. The membranes were 
probed with either an anti-Etag antibody (Amersham Pharmacia Biotech, Piscataway, 
30 NJ) for periplasmic extracts or the anti-c-myc 9E1 0 antibody (Cie, city, state) for cell 
lysates. A HRP-conjugated rabbit anti-mouse antibody (Jackson ImmunoResearch. 
West Grove, PA) was used at 1:10,000. The immunoblots were developed with 
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chemiluminescence using commercially available ECL system according to the 
manu^cturer's instruction. 



Immunoprecipitation - NIH-OVCAR-3 cells were transiently transfected with the 
various scFv constructs using commercially available FuGene 6 transfection agent 
using the manufacturer's instruction. Forty-eight hours later, cell were collected and 
lysed on ice in NP40 buffer (0.5%NP-40, 0.5% sodium deoxycholate. 0.1% SDS. 
lOOmM NaCI. 1mM EDTA, 20mM Tris-HCI pH 8.0). Protein concentration was 
measured by the Bradford method using the Bio-Rad protein assay according to the 
instruction provided by the manufacturer. Three hundred's micrograms of total 
proteins were incubated with 1ug of polyclonal anti-CHfnyc A-14 antibody (Santa 
Cruz), mouse anti-CA125 OC125 antibody or mouse anti-CA125 VK-8 antibodies for 
1hr on ice without shaking. Thirty microliters of NP40 buffer-prewashed protein A- 
sepharose beads (anti-c-myc) or protein-agarose beads were added, slowly shaked 
for 1 hr at 4''C and spun down at SOOOrpm for 5 min. The pellets were washed 3 
times in NP40 buffer and finally resuspended in 40^1 of NP40 buffer and boiled for 
5 min. Agarose or sepharose beads were pelleted and supernatants were analyzed 
by Immunoblots for the presence of the various scFvs. 

Stable cell lines expressing anti-CA 125 scFvs - The stable cell lines OVCAR3- 
1.9#9, OVCAR3-4.5#12 and 0VCAR3-GFP were generated by stable transfection 
of pLTR.KDEL-anti-CA 125 scFv#1.9, 2.7, 4.5 and GFP respectively. Stable clones 
were selected under Ipg/ml blasticidin exposure. Stable transfection of NIH:OVCAR- 
3 cells was performed using commercially available FuGeneS transfection reagent 
following manufacturer's instructions. 

Immunofluorescence - Transiently transfected NIH-OVCAR-3 cells or stable 
NIH:0VCAR-3 clones expressing the various anti-CA125 scFvs were grown on glass 
slide until a 50% confluence was reached. Glass slides were then washed in cold 
PBS and cells fixed in ice-cold methanol for 10 min at -20''C. Glass slides were next 
rinsed 5 min in cold PBS and permeabilized in PBS containing 0.1% Triton X-100 for 
5 min on ice and rinsed again in PBS. Slides were blocked in XmMPBS/2%BSA on 
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ice for 45 min and then incubated with primary antibodies in blocl<ing buffer at room 
temperature for 1 hr. Slides were next washed 3 times in cold PBS, incubated for 30 
min at room temperature with anti-mouse or anti-rabbit secondary antibodies coupled 
to Texas Red or Oregon green (1:1000), washed with PBS and mounted for 
5 visualization by fluorescence microscopy. Expression of the various anti-CA125 
scFvs and CA125 was detected using antl-c-myc antibody (9E10, 1:500) and OC125 
antibody (1:500). Localization of the scFvs was determined by comparing their 
pattern of expression with that of calreticulin and ADP-ribosylation factor for ER and 
Golgi localization using anti-calreticulin antibody (1:10000) anti-calreticulin and anti- 
10 ADP-ribosylatlon factor (1:400). 

Flow cytometry analysis - Expression levels of CA125 and the anti-CA125 scFvs in 
the various NIH:OVCAR-3 stable clones were analyzed by FACS. One million 
PBS/EDTA-treated cells were fixed in 2% para-fomnaldehyde for 20 min at room 

1 5 temperature. Cells were next pemieabilized with 0. 1 % saponine for 20 min at room 
temperature and incubated with primary antibodies in 2%BSA/PBS locking buffer for 
45 min at room temperature. CA125 and scFv expression was determined using the 
mouse anti-CA125 M1 1 antibody (1:500) and the polyclonal anti-c-myc antibody A14 
(1:500) respectively. Cells were next pelleted and incubated with anti-mouse-PE 

20 (1:1 000) and anti-rabbit-FITC (1 :500) secondary antibodies In blocking buffer for 45 
min at room temperature. Cells were pelleted, resuspended in an appropriate volume 
and analyzed using a FACS Scan cytometer (Becton Dickenson. Mississauga, 
Canada). 

25 Although preferred embodiments of the present invention have been described in 
detail herein and illustrated in the accompanying drawings, it is to be understood that 
the invention is not limited to these precise embodiments and that various changes 
and modifications may be effected therein without departing from the scope or spirit 
of the present invention. 
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WHAT IS CLAIMED IS: 

1. A modulator capable of negatively modulating a CA 125 tumor antigen in a 
mammalian cell. 

5 

2. The modulator according to claim 1 , wherein it negatively modulates cell surface 
expression of CA 125 tumor antigen. 

3. The modulator according to claim 1 or 2, wherein it sequesters CA 125 tumor 
10 antigen or a fragment thereof within an organelle of a mammalian cell. 

4. The modulator according to claim 3, wherein the organelle is selected from the 
group consisting of the endoplasmic reticulum, the trans-golgi. the golgi, the 
mitochondrion, the cytoplasm and a cellular compartment. 

15 

5. The modulator according to any one of claims 1 to 4, wherein it is a single-chain 
antibody that specifically binds to CA 125 tumor antigen or a fragment thereof. 

6. The modulator according to claim 5, wherein the single-chain antibody is derived 
2 0 from the group consisting of OC 125 monoclonal antibody and VK-8 monoclonal 

antibody. 

7. The modulator according to claim 5 or 6, wherein the single-chain antibody 
comprises a fragment coded by at least one sequence of the group consisting of 

25 SEQ. ID NOS 1 to 6, 

8. The modulator according to claim 7, wherein the single-chain antibody is coded 
by a sequence selected from the group consisting of SEQ. ID NOS 1 and 2. 

30 9. A recombinant nucleic acid comprising at least one sequence selected from the 
group consisting of SEQ ID NOS 1 to 6. 

10. A vector comprising a recombinant nucleic acid according to claim 10. 

35 1 1. A host cell comprising at least one element selected from the group consisting 
of: 

- a modulator according to any one of claims 1 to 8; 

- a recombinant nucleic acid according to claim 9; and 
40 - a vector according to claim 1 0. 

12. A pharmaceutical composition comprising a pharmaceutically acceptable carrier 
and at least one element selected from the group consisting of: 

- a modulator according to any one of claims 1 to 8; 
45 - a recombinant nucleic acid according to claim 9; 

- a vector according to claim 1 0; and 

- a host cell according to claim 1 1 . 
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13. Use of at least one element selected from the group consisting of: 

- a modulator according to any one of claims 1 to 8; 

- a recombinant nucleic acid according to claim 9; and 

- a vector according to claim 10; 

for negatively modulating a CA 125 tumor antigen in a mammalian cell. 



14. Use of at least one element selected from the group consisting of: 

- a modulator according to any one of claims 1 to 8; 

- a recombinant nucleic acid according to claim 9; 

- a vector according to claim 10; 

- a host cell according to claim 1 1 ; and 

- a pharmaceutical composition according to claim 12; 

for preventing and treating a CA 125-tumor-antigen-associated disease in a 
mammal. 

15. A method of prevention or treatment of a CA 125-tumor-antigen-associated 
disease in a mammal comprising the step of administrating to said mammal at least 
one element selected from the group consisting of : 

- a modulator according to any one of claims 1 to 9; 

- a recombinant nucleic acid according to claimi 0; 

- a vector according to claim 1 1 ; and 

- a host cell according to claim 12. 

16. A method for negatively modulating a CA 125 tumor antigen in a mammalian cell 
comprising the step of introducing into said cell at least one element selected from 
the group consisting of: 

- a modulator according to any one of claims 1 to 9; 

- a recombinant nucleic acid according to claimi 0; and 

- a vector according to claim 1 1 . 
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Figure 30 

SEQ ID N0:1 VK-8-1.9 scFv (nts) 

5 

5'CAGQTCCAGCTGCAGGAQTCAGGaCCTGAaCTGGTQAAaCcTGGGGC 
CTCAGTGAAGaTATGCTGCAAGCTTGTGGATACACATTCACTGACTACAA 
CATGCACtGGGTGAAGCAGAGCCATGGAAAGAGCCTTGAGTGGATTGGAT 
ATATTTATCCTTACAATGGTGATAGTGGCTAGAACCAQAAATTcAGGAAC 
10 AAGGCCTCaTGACTGTAGACACTTCCTCCAGCACAGCCTAGATGGAGCT 
CCGCAGCCTGACATCTGAGGACTCTGCAGTCTATTACTGTQCAAGATCTG 

GOOGOTmoQTftrrrrfji^T^T^^^^^^-^^^Qg^P^^cQQTCAccGTC 

Tr.rTr.AnfiTfifiAGGCGGT TnAfiQCQQAGftTfiGCTCTGGCGGTGGCGGATG 
GGAGATGCAGATGAOCGAGTCTCCAQGAATCCTQTGTgCATCTCCAGQGG 
1 5 AGAAGGTCACAATGACTTGCAGGGCCACCCCAAQTQTAAQTIACATQCAC 
TGGTATCAGCAGAAGCcAGGaTCCTCCCCCAAACCTTGGATTTATACcAC 
ATCcAACCTGGCTTCTGGAGTCCCTGCTCGCTTCAGTGGCQGTGGGTCTG 
GGACCTCTTACTCTCTCACAGTCAGCAGAGTGGAGGCTGAAGATGCTGCC 
ACTTATTACTGCcAGCAGTGGAGTCGTAGCCCACCCACGTTCGGTGCTGG 

20 CACCAAGCTGGAAATAAAA3* 
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Figure 31 



5 SEQ ID NO: 2 OC125-3.1 1 scFv (nts) 



S'CAGQTGCAGcTGCAQCAGTCAQGGACTGTgCTGGCAAGGCXTTGQGGC 

TTCAGTGAAGATGTarrTGCAAGCTTCTGGCTACACCTTTACCAGCTACTG 

GATQCACTGGQTAAAACAGAGGCX^GGACAGGGTCTGGAATGGATTQGCG 

1 0 CTATTTATocTGGAAATAGTGATacTAGcTACAACCAGAAGTTCAAGGGC 
AAQGCCAAACTGACTGCAGTCACAtcCACCAGGACTGCCTACATGGAGCT 
CAGCAGCCTGACAAATGAGGACTcTGCGGTCTATTACTGTACACGTAGCT 
ACGACTGGTACTTCGATGTCTGGGGCCA AGGGACCACGGTCACCGTCTCC 
TCAGGTGGAGGCGGTTCAGGCGGAGGTGGCTCTGGCGGTGGCGGATCG GA 

1 5 CATCGAGCTCAGTCAGTCTCCAGCCATCcTGTCTGTgAGTCCAGG AGAAA 
GAGTCAQTTTCTCCTGCAGGGCCAGTCAGAGCATTGGCACAGACATGCAC 
TGGTATCAGCAAAGAACAAATgGTTCTcCAAGGCTTCTCATAAAGTATGC 
TTCTgAGTCTATCTCTGGGATCccTTCCAGGTTTAGTGGCAGTGGATCAG 
GGACAGATTTTaCTCTTAGCATCAACAGTGTGGAGTCTGAaGATATTGCA 

20 GATTATTACTGTcAACAAAGTTATAGCTGGCCGCTCACGTTCGGTGGTGG 
GACAAAGTTGGAAATAAAA3' 



wo 03/076465 PCT/CA03/00341 

42 /A9 

3 



Figure 32 

SEQIDNO:3VK-8-1.9Vh 

5 

5'CAGGTCCAGCTGCAQGAGTCAQGaCCTGAaCTGGTGAAaCcTGGGGC 
CTCAQTGAAGaTATCXJTGGAAQCTTCTGQATACACATTCACTGACTACAA 
CATQCACtGGGTGAAGCAGAGCXJATGGAAAGAGCCTTQAGTGGATTGGAT 
ATATTTATCGTTACAATQGTQATACTGGCTACAACCAQAAATTcAGQAAC 
10 AAGGCCTCCJtTGACTGTAGACACTTCCTCCAGCACAGCCTACATGGAQGT 
CCQCAGCCTGACATCTGAQQACTGTGCAGTCTATTACTGTGCAAQATCTG 
GGGGGTTTTGGTACTTCGATGTCTGGGGCCAA 3' 
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Figure 33 

SEQIDNO:4VK-8-1.9Vl 

5 

5'gacatccagatgacccagtctccagcaatcctgtctgcatctccaqggg 
agaaggtcacaatgacttgcagggccaccccaagtgtaagttacatgcag 
tggtatcaqcagaaqccaggatcctcccccaaaccttggatttataccac 
atccaacctggcttctqgagtccctgctcx3grrcagtggcqgtqggtctq 
10 ggacctcttactgtctcacaqtcagcagagtggaggctgaagatgctgcc 
agttattactgccagcagtggagtcgtagcxx;acccacqttcggtgctgq 
caccaagctggaaataaaa3' 
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Figure 34 

SEQ ID NO :5 OC125-3.1 1 Vh 

5'CAGGTGCAQcTGCAGCAGTCAQGGACTGTgCTGGCAAGGCCTGGGGC 

TTCAGTGAAGATGTCCTTGCAAGCTTCTGGCTACACXnTTACCAGCTACTG 

GATGCACTQGGTAAAACAGAGGCCTGGACAGGGTGTGGAATGGATTGGCG 

CTATTTATccTQGAAATAGTGATacTAGcTACAACCAGAAGTTCAAGGGG 

AAGGCCAAACTGACTGCAGTCACATCGACCAGCACTQCCTACATGGAGCT 

CAGCAGCCTGACAAATGAGGACTcTGCGGTCTATTACTGTACAGGTAGCT 

ACGACTGGTACTTCGATGTCTGGGGCCAA3' 
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Figure 35 

5 SEQ ID NO :6 CX;i25-3.1 1 Vl 

5'GACATCGAGCTCACTCAGTCTCCAGCCATCcTGTCTGTgAGTCCAGGAGAA 
AGAGTCAGTTTCTCCTGCAGGGCCAGTCAGAGCA7TGGCACAGACATGGAC 
TGGTATCAGCAAAGAACAAATgGTTCTcCAAGGCTTCTCATAAAGTATGC 
10 TTCTgAGTCTATCTCTGGGATCccTTCCAGGTTTAGTGGCAGTGGATCAG 
GGACAGATTTTaCTCTTAGCATCAACAGTGTGGAGTGTGAaGATATTGCA 
GATTATTACTGTcAACAAAGTTATAGCTGGCCQCTCACQTTCGGTQCTGG 
GACAAAGTTGGAAATAAAA3' 
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